Objectives: The aim of this study was to determine whether the bilateral sacrospinous vault fixation (BSSVF) with synthetic, polypropylene mesh arms restores the nulliparous anatomic relationships of the vaginal vault in women with and without uterus using magnetic resonance imaging (MRI).
P elvic organ prolapse (POP) is a gynecologic problem that affects an increasing number of aging women. Up to 50% of parous women experience symptoms of pelvic relaxation, and the lifetime risk for undergoing surgery for POP has been described between 11% and 19%. 1Y4 Although sacrospinous vault fixation (SSVF) 5 is a commonly used vaginal reconstructive technique for apical POP, a Cochrane review showed slightly inferior success rates and more dyspareunia compared with abdominal sacral colpopexy. 1 On the other hand, a vaginal approach has the advantages of being less invasive and shorter by avoiding an abdominal scar and thus allowing for quicker recovery. 1 Moreover, this vaginal technique can also be performed without hysterectomy. 6 Some authors hypothesize that the higher POP recurrence and dyspareunia rates after standard SSVF may be due to a posterior deviation of the vaginal axis and a tensioned repair with surgeons using permanent sutures during a unilateral SSVF. 7, 8 With this in mind, the senior author (R.G.) developed a tension-free surgical technique with no deviation off the midline, which uses synthetic mesh arms attaching the apical portion of the vagina to the sacrospinous ligaments bilaterally. Bilateral SSVF (BSSVF) with synthetic mesh arms was conceptually developed to recreate well-supported, tension-free pelvic anatomy. A previous study showed that the apical support of the uterus (the uterosacral ligament or USL) was inserted in the sacrospinous ligament in 82% of healthy women. 9 In addition, the midportion of the USL overlies the ischial spines. Cadaver anatomy evaluations have shown that this portion of the USL is a strong fixation site with fewer adjacent vital structures and therefore fewer complications if used for attachment. 10, 11 Magnetic resonance imaging (MRI) is a simple, safe, and noninvasive objective tool that offers a global view of the pelvic floor with excellent soft tissue resolution. 9 The MRI assessment of postoperative pelvic anatomy can contribute to the development and improvement of surgical techniques for POP through enhancing our understanding of treatment successes or failures. 12Y14 Moreover, there are consistent relationships between the vaginal vault and other pelvic landmarks; parameters for these distances are already established and available from MRI study of nulliparous women with good pelvic support as determined by a priori normal gynecologic examination. 15 Gutman et al 15 showed the cervicovaginal junction (CVJ) to be 1.6 T 0.7 cm superior, 1.4 T 0.4 cm anterior, and 4.6 T 0.2 cm medial to the ipsilateral ischial spine. The posterior fornix was 0.9 T 0.9 cm anterior and 5.3 T 0.7 cm inferior to the second sacral vertebra. 15 In addition, Handa et al 16 demonstrated that MRI bony pelvic dimensions do not differ in primiparous women with or without demonstrable POP.
Bilateral sacrospinous vault fixation is a new variation on the standard unilateral sacrospinous fixation with sutures and has not been described elsewhere. This is a preliminary case series evaluating the pelvic anatomy post-BSSVF. Our primary objective was to determine whether BSSVF restores the distance between the vaginal vault and the ischial spines in women with and without uterus as measured via MRI and compared with the average nulliparous MRI measurements of the same distance obtained from the study of Gutman et al. 15 Secondary objectives were to determine whether BSSVF restores nulliparous distances (as determined by Gutman et al 15 ) between the vaginal vault and other anatomic landmarks in the pelvis when evaluated via MRI and to investigate whether the anatomic restoration on MRI correlates with the clinical resolution of apical prolapse 6 weeks postoperatively.
METHODS

Patient Recruitment
This is a case series of symptomatic women with apical POP choosing vaginal surgery for management. Women were recruited from June 2011 to August 2012 from the surgical practices of 2 urogynecologists in a single tertiary care clinic at St Paul's Hospital in Vancouver, Canada. The study was approved by the local research ethics board, and informed consent was obtained from each participant. Women older than 20 years were included if they had symptomatic apical POP and chose vaginal reconstructive surgery for treatment. Women who had not previously undergone hysterectomy and uterine pathologic evaluation were excluded; they were given a choice to preserve or remove the uterus at the time of the vaginal surgery. Concurrent surgeries for POP or urinary incontinence were performed as needed. Women were seen in follow-up at 6 weeks, and clinical resolution of prolapse was verified with POP quantification (POP-Q) staging. Postoperative point C was recorded and compared with preoperative point C. Women were excluded if they had a contraindication for MRI or if they had a surgical complication that could distort postoperative pelvic anatomy (such as an abscess or a hematoma). The MRI was performed on an average of 4 months postoperatively (range, 1Y13 months) based on the radiology department's availability for booking scans for research purposes. The study used a consecutive convenience sample, and the recruitment continued until we reached our planned enrolment of 10 consenting participants. We had a priori funding from the Providence Health Care Research Institute for 10 MRI scans to investigate the in vivo anatomy of the BSSVF procedure.
BSSVF Procedure
The patient is placed in dorsal lithotomy position. After local anesthetic infiltration, a diamond-shaped incision is made at the level of the perineum and the posterior fourchette. The space between the posterior vaginal mucosa and the rectovaginal septum is then dissected laterally and superiorly to the back of the cervix or underside of the mucosa at the vaginal vault without further extending the vaginal incision superiorly. Sharp and/or blunt dissection is used as appropriate. The dissection is then extended laterally into the pararectal space until the ischial spines and sacrospinous ligaments are palpated. A Capio suture capture device (Boston Scientific, Natick, Mass) is then used to anchor 1 nonabsorbable suture 1 to 3 cm medial to the ischial spine through the inferior aspect of the sacrospinous ligament on each side. Rectal examination is then performed to ensure that the sutures did not penetrate the rectal mucosa on either side. Next, 4 permanent sutures are placed into the lower aspect of the cervix (uterine preservation patients), or 4 delayed absorbable sutures are placed on the underside of the vaginal mucosa (posthysterectomy patients). Two sutures are placed on each side. Synthetic polypropylene mesh (Gynecare Gynemesh; Ethicon, Johnson & Johnson) is used to reconstruct the uterosacral ligament and connect the apical portion to the sacrospinous ligaments bilaterally. The mesh arms are attached first to the underside of the cervix or vagina and then tied to the sacrospinous ligaments using the previously placed sutures. Tension is avoided by intraoperatively tailoring the length and width of the mesh arms to individual pelvic dimensions. Additional surgical principles to avoid future mesh erosion are respected that include adequate depth of dissection, minimal trimming of vaginal skin, and complete avoidance of contact between the mesh and the vaginal skin incision and sutures. A posterior repair is performed with delayed absorbable sutures as necessary, and the perineal incision is closed. Concurrent repairs are performed as needed at additional sites of prolapse and for demonstrated stress urinary incontinence.
Nulliparous Group
In a previous study, Gutman et al 15 established normal MRI distances between various pelvic landmarks. In this retrospective MRI study from John Hopkins Hospital, the women selected were nulliparous with normal gynecologic examination results, and women with pathologic findings that would distort anatomy were excluded. 15 The most common indication for MRI was pelvic pain. 15 The mean age was 30.4 years. 15 Because anatomic measurements were so consistent between these nulliparous women, Gutman et al 15 stopped the study after an interim analysis of 11 MRI scans. We considered these measurements to be an adequate criterion standard representation of nulliparous pelvic anatomy and, despite the obvious demographic differences, used the raw data from the study of Gutman et al 15 as a control group for the BSSVF patients in our current study. To the best of our knowledge, there is no published criterion standard similar to the MRI measurements in older multiparous women with normal pelvic support.
Pelvic MRI Scans and Measurements
The pelvic MRI scans were scheduled on an elective basis by the radiology department at St Paul's Hospital. The MRI scans were performed on a 1.5 T Signa Twinspeed MRI unit, 16x (HDxt) software level, 16-channel system using an 8-channel cardiac array coil (General Electric, Milwaukee, Wis). Images were reviewed and analyzed on an Advantage Workstation ADW 4.4 (General Electric, Milwaukee, Wis). Women were scanned in the supine position. A 3-plane localizer and calibration sequences were performed. Sagittal acquisitions used T2 fast recovery fast spin echo sequences covering the pelvic cavity including the sacrum and the symphysis pubis (echo time, 80; repetition time, 4400; echo train length, 23; receiver bandwidth, 62.5 KHz; frequency Â phase, 256 Â 192; 4 number of excitations; field of view, 28 cm; 6-mm thick slices with 2-mm interslice gap). Axial acquisitions used T2 fast recovery fast spin echo sequences covering the pelvis from the sacral brim to the inferior margin of the symphysis pubis (echo time, 100; repetition time, 5000; echo train length, 25; receiver bandwidth, 62.5 KHz; 256 Â 192; 4 number of excitations; field of view, 28 cm; 6-mm thick slices with 2-mm interslice gap). All of the MRI measurements were made independently by a staff radiologist specialized in body cross-section with expertise in pelvic floor imaging. Measurement parameters were based on the protocol used in the study of Gutman et al. 15 The goal of the MRI analysis was to obtain anatomic relationships between the vaginal apex and the bony landmarks that would then translate to surgical anatomy. Therefore, each anatomic structure was mapped with 3-dimensional coordinatesVright/left (R/L), anterior/posterior (A/P), and superior/inferior (S/I). First, a midsagittal image was selected to identify the posterior fornix and anterior surface of the middle of the second sacral vertebra. The A/P and S/I coordinates were noted for each point. The second image included the right and left ischial spines in the axial plane, and the R/L, A/P, and S/I coordinates were also recorded. The next axial image selected had the S/I coordinates closest to those of the posterior fornix, as previously established. This enabled the identification of the right and left CVJ in women with uterus and the right and left lateral fornix (LF) in all women with or without uterus (Fig. 1) . The R/L and A/P coordinates were noted for each point. Vector distances were then calculated using trigonometry for each dimension (R/L, A/P, and S/I) and the direct vector distance. Accuracy of the calculated vectors was verified by making direct measurements with the MRI slices. 15 Women with and without uterus had similar measurement landmarks except for twoVthe lateral CVJ and the LF. To correct this difference, we calculated the average distance between the CVJ and the LF in the 4 BSSVF women with uterus, and this was 1 cm. As a result, 1 cm was added to the direct and the R/L distances in the 6 BSSVF women without uterus.
Data and Statistical Analysis
Demographic information including age, parity, menopausal status, and concurrent surgeries were recorded. The POP-Q scores were recorded preoperatively and 6 weeks postoperatively. Demographic variables were summarized using the percentage, mean, SD, and range as appropriate. The differences in distances between the BSSVF and control 15 groups were summarized using 95% confidence interval (CI) and compared using 2-sample t test. Keeping the same parameters as the study of Gutman et al, 15 the BSSVF measurements from our study were found to be similar to nulliparous controls 15 if the 95% CI was within 1 cm of the mean. Preoperative and postoperative POP-Q scores were compared using the paired t test. Calculations were performed using the Statistical Analysis Software 9.2 (SAS, Cary, NC).
RESULTS
Ten women consented to undergo an MRI after BSSVFV4 with uterine conservation and 6 without uterus (Table 1) . Most were postmenopausal, with a mean age of 59 (range, 45Y69) and a mean parity of 2.2 (range, 1Y4). Their preoperative POP-Q stage ranged from 1 to 4. All women had multiple concurrent surgeries, consistent with multicompartment POP. Magnetic resonance imaging scans were performed on an average of 4 months postoperatively (range, 1Y13). Adequate clinical resolution of prolapse was confirmed in all women 6 weeks post-BSSVF. There was a 5.3-cm (95% CI, j7.7 to j2.9; P G 0.01) mean improvement in POP-Q point C from preoperative to postoperative office clinical measurement. Figure 2 describes the mean location of the vaginal apex for both women after BSSVF and nulliparous women with good pelvic support in relationship to the ischial spines. The locations of the vaginal apex as described by vector distances to pelvic bony landmarks and in 3-dimensional planes in both women after BSSVF and nulliparous women with good pelvic support are shown in Table 2 . The average direct vector distance between the vaginal apex and the ischial spine was restored in women after BSSVF when compared with nulliparous women (5.2 cm [SD, 0.8 cm] vs 5.2 cm [SD, 0.3 cm]; 95% CI for difference, j0.6 to 0.5; P = 0.92). Women in the BSSVF group had a vaginal apex on average of 4.2 cm medial, 2.2 cm anterior, and 1.1 cm superior to the ischial spines, a location spatially similar to the location of the nulliparous vaginal apex ( Table 2 ). The 95% CI was within 1 cm of the mean for the (R/L) and (A/P) measurements but not for the (S/I) measurement. Similarly, when comparing distances to the second sacral vertebra, women in the BSSVF group had a posterior fornix that was slightly more anterior by 1.8 cm (P = 0.02) and more inferior by 1.5 cm (P G 0.01) compared with that in nulliparous women but spatially similar to the mean location of the nulliparous vaginal apex in the report of Gutman et al 15 ( Table 2 ). The 95% CI was not within 1 cm of the mean.
DISCUSSION
Our surgical technique is a variation on the standard unilateral sacrospinous fixation. 5 In a systematic review of studies published on unilateral sacrospinous fixation, Morgan et al 17 showed a failure rate (grade 1 recurrence or higher) of 40.1%, 11%, and 18.2% in the anterior, apical, and posterior compartments, respectively. The highest failure in the anterior wall has been attributed to the posterior deflection of the vaginal apex resulting from the standard unilateral sacrospinous fixation. In contrast, abdominal sacral colpopexy continues to be superior to vaginal procedures with and without mesh in terms of success, durability, and erosion rates. 1 The MRI evaluations of postoperative pelvic anatomy after abdominal sacral colpopexy and unilateral sacrospinous fixation with sutures showed an increased anatomical distortion of the vagina after the vaginal repair. 7, 8 In contrast, sacral colpopexy more closely restored the vagina to its normal configuration. 7, 8 Restoration of normal anatomy may explain superior outcomes for the abdominal approach.
Our preliminary study investigated the in vivo anatomic relationships between the vaginal apex and bony pelvic landmarks in women who underwent vaginal suspension with synthetic mesh arms (BSSVF). Static MRI measurements of the distance between the vaginal apex (with and without a uterus in place) and the ischial spines were similar to the measurements in nulliparous women with normal support. 15 We also showed that BSSVF displaced the vaginal apex anteriorly and inferiorly compared with the sacrum. Although there were statistically significant differences in these absolute measurements, the difference in the spatial locations of the vaginal apex between BSSVF patients and controls was minimal, on the order of 1 cm. More importantly, this difference resulted from the BSSVF having a more anterior location in contrast to the posterior deflection of the standard SSVF and thereby supports our goal of reestablishing the nulliparous vaginal axis when the BSSVF technique was developed. The more inferior location could be attributable to the shorter vaginal length posthysterectomy. It is our hope that this minimal difference in the location of the vaginal apex after BSSVF will not change the clinical objective success rates, which we hope are comparable to abdominal sacrocolpopexy.
Bilateral sacrospinous vault fixation with sutures is described, 18 but it is poorly studied and is not feasible in patients with shortened vaginal length because the vaginal apex sometimes does not reach both sacrospinous ligaments. The BSSVF with mesh arms through a posterior approach has also been described, 19 not as 2 separate apical mesh arms as in the BSSVF but as a y-shaped mesh extending behind the vagina down to the perineal body. Their mesh erosion rate was 12%, possibly due to the volume of mesh used. 19 Svabik et al, 20 in an ultrasound evaluation of Prolift anterior mesh contracture and shrinkage, showed a significant difference in their mesh length 4 days and 3 to 5 months postoperatively (9.0 vs 5.7 vs 4.8 cm). This was attributed to the early mesh folding, lateral contracture, and inflammation around the mesh causing shrinkage. We did not observe significant mesh shrinkage after the insertion of the mesh arms. The MRI direct vector distance postoperatively was similar to the length of the intraoperative mesh arms. Our surgical technique involved laying the mesh arms completely flat and tension-free, separately to avoid lateral contracture, and in the smallest possible surface area to minimize inflammation. Because we did not observe significant mesh shrinkage, we hope this will contribute to avoiding pelvic pain, erosions, and dyspareunia in our patient population.
Four of our 10 patients opted for uterine preservation. Studies have shown that sacrospinous hysteropexy is a safe and effective operation. 6 It avoids the potential morbidity of vaginal hysterectomy and is associated with a high success rate 1 year postoperatively. 21, 22 Moreover, there is no evidence that hysterectomy contributes to durability, with similar objective and subjective success rates at 26 to 36 months after unilateral sacrospinous hysteropexy or unilateral sacrospinous suspension with hysterectomy. 22 Because BSSVF was designed for women with or without uterine preservation, it was important to include both groups in our study. Despite the obvious anatomical differences between women with and without uterus, the relationship between the vaginal apex and ischial spines was maintained.
Our study was limited by the small amount of funding available for MRIs. It was difficult to draw meaningful comparisons between women with and without uterus because of the small sample size. Because MRI measurements are not available for multiparous women with normal pelvic support at clinical examination, our control group consisted of younger nulliparous women, 15 and therefore we could not match our BSSVF group for demographics. Vaginal length and other pelvic proportions may change after childbirth. Although the sample size of the nulliparous group was small, the measurements were consistent. Gutman et al 15 thus found them representative of normal nulliparous anatomy and elected to stop the study at first interim analysis, when 95% CI within 1 cm of the mean was achieved. To allow comparison between our patient population and controls without prolapse, we used the same static MRI protocol described by Gutman et al. 15 Because we did not perform dynamic MRIs, we felt that it was important to correlate the MRI anatomy with objective postoperative POP-Q. Despite these limitations, our study is an important steppingstone toward the validation of BSSVF as an accepted alternative to standard sacrospinous fixation. R/L, A/P, and S/IVthese coordinates were used to determine the 3-dimensional distance between the CVJ and the ischial spine and between the posterior fornix and the second sacral vertebra. If the LF to ischial spine measurement was used, +1 cm has been added to the direct and right R/L vectors (left, added j1 cm). Absolute values for left and right distances were used when taking averages.
*Measurements from the control group were obtained using the raw data from the study of Gutman et al. 15 Direct indicates direct distance.
The durability of BSSVF and the postoperative development of compensatory prolapse and latent incontinence remain to be investigated. Prospective studies are underway at our institution to compare clinical subjective and objective outcomes after BSSVF when compared with other standard techniques of apical prolapse repair such as sacrocolpopexy.
